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Abstract

A simple dynamic stochastic general equilibrium (DSGE) model with 

embedded artificial intelligence and robot (AI/robot) capital is analyzed in 

this study. The aim of this study is to use this model to examine how 

introducing a limited basic income policy with a specific revenue source and 

specific redistribution target would affect the consumption of households 

and consumption gap between households.

The impulse response function (IRF) analysis shows that the response of 

each economic variable to AI/robot capital increase shock is suppressed. 

Further, as Ricardian households consumption is also suppressed, the effect 

of increasing total consumption and output are also suppressed. However, 

by distributing AI/robot capital income taxation, the non-Ricardian 

households consumption is pushed up in response to the AI/robot capital 

increase shock, leading to significantly shorter period of consumption 

decline. The results show that the limited basic income policy in this study 

suppresses the response of each economic variable to AI/robot capital 

increase shock, and helps reduce the consumption gap between 
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households. 
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１．Introduction

In recent years, artificial intelligence (AI) and robot technologies have 

developed rapidly to improve economic growth and productivity. 

Consequently, they are being introduced into the real economy. However, 

there are concerns that the introduction of AI and the increasing 

automation will take away human jobs. Particularly, Frey and Osborne 

(2017) analyze the influence of AI and robots on the labor market and find 

that they significantly influence society (The working paper was published 

in 2013). They estimate the probability of 702 jobs in the U.S. being 

replaced by AI/robots and found that 47% of all the jobs could be replaced 

in the next 10 to 20 years1）.

However, some studies suggest that advances in AI and robotics can 

compensate for the decline in the labor force even in a society with a 

shrinking population. Other studies suggest that new jobs will emerge and 

1） However, other studies suggest that such estimates are overstated. In fact, some studies 
suggest that when each job is divided into tasks that are part of the job description, some 
tasks are not replaceable, even in jobs that are considered replaceable. For example, Arnts, 
Gregory, and Zierahn (2017), who further divided jobs into tasks and analyzed the 
substitutability of task-aggregated jobs after calculating the substitutability of each task, have 
suggested that the percentage of jobs to be replaced over the next 10 to 20 years could 
reduce to 9% from the 47% indicated by Frey and Osborne (2017). In any case, it could be 
argued that AI and robots are likely to replace the jobs of current workers, albeit to varying 
degrees.



87

take their place; human labor will not dissipate. Note that, considering the 

possibility of substitution in a certain number of jobs, a certain amount of 

time is presumed required before a new job is created. People acquire the 

necessary skills to work in that new job2）.

Additionally, research in labor economics suggests that the more routine 

a task is in human labor, the easier it is for AI and robots to replace it. 

Furthermore, Yamamoto (2019) classifies tasks into "routine," "non-routine 

analysis and interaction," and "non-routine manual work." He notes that 

many part-time workers were engaged in routine tasks, where jobs are 

more likely to be replaced by AI and robots in Japan. Consequently, he 

highlights that AI and robots were likely to replace large numbers of part-

time workers. 

In summary, AI and robots are likely to take away the jobs of workers to 

varying degrees. Households of low-skilled workers primarily engaged in 

routine tasks will be the most negatively affected.

Conversely, under such circumstances, there are two categories of 

people that will benefit from the progress of the AI/robot capital: first, the 

households of highly skilled workers in jobs that complement AI/robot 

capital, and second, the households that own AI/robot capital and have 

access to capital income. Although Piketty (2014) states that the income 

from capital is higher than that from labor, it can be considered that 

growing inequality between households with and without AI/robot capital 

will be a problem. Therefore, policies to mitigate these disparities are 
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2） Indeed, using a general equilibrium model, Berg, Buffie, and Zanna (2018) argued that AI and 
robot positively influence economic growth. However, they negatively influence the labor 
market. Particularly, real wages fall in the short term but rise in the long term. The problem 
is that its long term could be from 20 to over 50 years. Furthermore, Berg, Buffie, and Zanna 
(2018) point out that there are concerns that the inequality could widen during that period.
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required in the short term. 

A macroeconomic model is useful for such an analysis. Particularly, it is 

effective to use the Dynamic Stochastic General Equilibrium (DSGE) model 

for analysis. It avoids Lucas critique and can be analyzed in a business cycle 

framework. This is because many countries, including Japan, still have 

insufficient statistical data on AI/robot capital, and policies to improve 

short-term inequality are required. Several studies on DSGE models 

incorporating AI/robot capital, such as Lin and Weise (2019) and Fueki and 

Maehashi (2019), exist. However, these studies focus on how the impact of 

monetary policy differs with advances in AI and robotics. Consequently, the 

household sector is formulated in a simple Representative Agent New 

Keynesian (RANK) model. Therefore, it is difficult to analyze how the 

progress of AI and robot will affect the economic inequality between 

households.

Accordingly, this study constructs and analyzes a DSGE model that 

improves these points. Based on the assertions mentioned above, this study 

focuses on the possibility that AI/robot capital is likely to displace human 

labor and consequently urge the widening of the inequality between 

households with and without AI/robot capital in the short term. 

Additionally, this study seeks to simulate how increasing AI/robot capital 

will affect the household consumption gap. Furthermore, this study 

analyzes the effect of a limited basic income policy3） with specific revenue 

source and specific redistribution target (that is, a policy that taxes income 

3） In general, basic income policy would abolish the means test and provide a flat amount to all 
households (In the case of this study, both households with and without AI/robot capital). 
However, there are many criticisms of basic income. One criticism is that it is paid to the 
have-nots (the poor) and to the haves (the wealthy) even though financial resources are 
limited, and the conditions were set with the assumption that such criticism would be 
avoided.
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from AI/robot capital and redistributes it to households that do not have AI/

robot capital) on mitigating the consumption gap between households.

The rest of this paper proceeds as follows. Section 2 formulates the 

DSGE model that incorporates AI/robot capital. In Section 3, the 

parameters are calibrated for the model analysis, and a simulation analysis 

using the model is performed. Finally, Section 4 summarizes the 

conclusions of the study.

２．Formulation of the DSGE model

2.1.  Model Overview

In this section, a simple DSGE model with embedded AI/robot capital is 

formulated4）. The economic agents in the model constructed in this study 

are Ricardian households, non-Ricardian households, firms, and the 

government.

First, Ricardian and non-Ricardian households are incorporated to 

analyze policies that improve inequality between households. Ricardian 

households are those with inter-optimal behavior at different points in time. 

They optimize between different points in time and are also characterized 

as households that own and lend AI/robot capital and traditional capital to 

firms. However, non-Ricardian households consume all the income from the 

labor supply in the current period without savings. They do not optimize 

between different points in time. Furthermore, non-Ricardian households 
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4） The study aims to determine whether policies can improve the consumption gap between 
households with and without AI/robot capital. Therefore, a simple DSGE model is more 
suitable for analysis than the complex New Keynesian DSGE model because it is easier to 
determine the impact of the policy.
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do not have AI/robot capital or traditional capital5）.

Firms use AI/robot capital, traditional capital, and labor from households 

as input factors, then produce goods under perfect competition based on the 

production function of the nested CES-type structure used in Lin and Weise 

(2019), Fueki and Maehashi (2019), among others. Firms rent AI/robot 

capital and traditional capital from Ricardian households and pay rental 

costs. Both Ricardian and non-Ricardian households supply labor equally. 

Moreover, firms pay the same wages6）. 

Ricardian and non-Ricardian households pay taxes to the government as a 

lump-sum tax. Additionally, Ricardian households pay the government the 

AI/robot capital income tax. The government taxes households and 

determines government expenditures and bond issues. Furthermore, the 

government implements a limited basic income policy with specific revenue 

sources and redistribution targets to improve the inequality between 

households with and without AI/robot capital. The government is 

responsible for charging AI/robot capital income taxes from Ricardian 

households and redistributing it to non-Ricardian households as part of their 

social security. 

Next, the formulation of each economic entity is described.

5） Non-Ricardian households represent only one of the characteristics of low-skilled workers 
and households with low-income levels, namely that they are under borrowing constraints 
and unable to save. As such, non-Ricardian households do not capture all the characteristics 
of low-skilled workers and households with low-income levels; it is important to note that 
Poor households do not correspond to non-Ricardian households.

6） A union in the labor market exists, and that union sets wages to maximize the overall utility 
of the weighted average of Ricardian and non-Ricardian households. The setting in this study 
is the same as in these imperfect labor market assumptions. For more information, see 
Eguchi (2011) or Gali, Lopez-Salido and Valles (2007).
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2.2.  Households

Households are divided into Ricardian and non-Ricardian households. 

Ricardian households optimize between different points in time. In contrast, 

non-Ricardian households consume all income from the labor supply in the 

current period without savings. They do not optimize between different 

points in time. 

First, I formulate for Ricardian households. Ricardian households receive 

positive utility from the consumption  and negative utility from labor supply 

, and optimize consumption at different points in time by maximizing the 

discounted present value of their expected utility, . The utility-

maximization problem for Ricardian households is as follows:

 ,

 ,

,

,

where  is the time point,  is the discount rate that discounts the expected 

utility to the value at present,  is the labor supply,  is traditional capital, 

 is AI/robot capital,  is a traditional investment,  is AI/robot investment, 

 is government bond,  is the wage rate,  is traditional capital rental 

costs,  is AI/robot capital rental costs,  is the coefficient of relative risk 

aversion,  is lump-sum tax,  is the income tax rate of AI/robot capital, 

and  is the inverse of the elasticity of labor supply substitution.

Second, I formulate for non-Ricardian households. They are in a 

borrowing constraint. Therefore, it is assumed that they consume all their 

disposable income within each period and do not optimize between different 

points in time. Therefore, the consumption of non-Ricardian households 

Analysis of Basic Income Policy Based on AI/Robot Capital Income TaxationUsing a Dynamic Stochastic GeneralEquilibrium Model
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 is as follows:

,

,

where  is the wage rate,  is the labor supply, and  is the limited 

basic income redistribute to be funded by AI/robot capital income taxes.

Then, the total household consists of the sum of Ricardian and non-

Ricardian households. Total household consumption , total household labor 

supply , total household lump sum tax , total traditional capital , total 

AI/robot capital , total traditional investment , total AI/robot investment 

, and total government bond  are as follows:

,

,

,

,

,

,

,

,

where  is the weight parameter of non-Ricardian households. As in Eguchi 

(2011), it is assumed that  and  7）.

7） In this study, IRF analysis is conducted using a model with log-linearized equilibrium 
conditions. To simplify the analysis, as in Eguchi (2011), it is assumed that steady-state 
consumption is equal between Ricardian and non-Ricardian households. In other words, 

 is assumed to be valid, and  and  are adjusted appropriately so that this 
holds. Note that the government is assumed to implement tax policy in such a way that 

 in the dynamic path. Therefore,  and  is satisfied, where the 
~ symbol above the variable indicates the deviation from the steady state.
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2.3.  Firms

Firms produce goods under perfect competition using four factors of 

production: traditional capital, AI/robot capital, labor supplied by Ricardian 

households, and labor supplied by non-Ricardian households. First, I 

consider the relationship between traditional capital  and composite labor 

. The elasticity of substitution between traditional capital and composite 

labor inputs is set to , as these are generally considered highly 

complementary. Second, I consider the relation between AI/robot capital  

 and total household labor . The elasticity of substitution between AI/

robot capital and total household labor inputs is set to , as these are 

generally considered to be highly substitutable. When the elasticity of 

substitution between production factors differs in this way, a nested CES-

type production function, such as that of Lin and Weise (2019) and Fueki 

and Maehashi (2019), can be used to represent the different elasticities of 

substitution.

Using a nested CES-type production function, the production of firms is 

as follows:

 ,

 ,

where  is the total factor productivity and is assumed that it follows 

, namely, the dynamic equation of the first-order autoregressive 

process (AR (1)). Here  is the parameter representing the persistence of 

the shock, and  is the shock of an independent and identically distributed 

(i.i.d) variable that follows the normal distribution of the mean 0 and the 

variance .
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Therefore, the firm's optimization problem (profit maximization problem) 

is described. Firms receive the supply of AI/robot capital, traditional 

capital, and labor in a perfectly competitive market and sell their goods in a 

perfectly competitive market. The profit-maximization problem can be 

formulated with the nested CES-type production function as a constraint as 

follows: 

.

2.4.  Government and Resource Constraint

First, I consider the government's revenue side. The government issues 

total government bonds , charges taxes from households as a lump-sum 

tax , and charges AI/robot income tax  from Ricardian 

households. Second, I consider the government's spending. The 

government makes interest payments on government bonds , government 

spending , and the redistribution of AI/robot capital income taxes to non-

Ricardian households , namely, limited basic income. Additionally, the 

government distributes AI/robot capital income taxes charged by Ricardian 

households directly to non-Ricardian households, therefore,  

 is valid. To summarize, the government follows the following 

budgetary constraints:

.

Furthermore, as a policy rule to stabilize government bonds, they impose 

the constraint that the lump sum tax should be within the range of 
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government spending, , where the ~ symbol above the variable 

indicates the deviation from the steady-state8）.

In conclusion, the resource constraint condition is . 

３．Simulation analysis of the model

Section 3 considers the equation system consisting of the first-order 

conditional equations of the optimization problem formulated in Section 2. 

These equations are log-linearized around that steady-state and then 

calibrated. Specifically, parameters are set based on actual economic 

statistical data, previous studies, and assumed scenarios. The impulse 

response function (IRF) analyzes how the AI/robot capital increased shock 

affects households consumption and how the consumption gap would change 

if the AI/robot capital income tax is imposed on Ricardian households and 

redistributed to non-Ricardian households.

3.1.  Setting parameters

Many countries, including Japan, have accumulated insufficient statistical 

data on AI/robot capital. Therefore, in this study, the parameter values are 

those of Fueki and Maehashi (2019). Fueki and Maehashi (2019) use data 

consistent with the estimates proposed by Smets and Wouters (2007), 

which is considered a leading study of the DSGE model that provides 

estimates based on U.S. economic data. However, there is no perfectly 

corresponding data on the income share of AI/robot capital. Therefore, 

following Berg, Buffie, and Zanna (2018), the income share of AI/robot 

Analysis of Basic Income Policy Based on AI/Robot Capital Income TaxationUsing a Dynamic Stochastic GeneralEquilibrium Model

8） The original equation is                  . For  and , the log-linearization is defined as the 
deviation from the steady state divided by the output, as in . 
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capital is derived from the income share of the ICT capital. The weight of 

non-Ricardian households is set regarding the 2013 value of 20 percent 

from the Panel Study of Income Dynamics (PSID) presented in Andres, 

Bosca, Ferri, and Fuentes-Albero (2017)9）. The main parameter and 

steady-state values used in this study are shown in Table 1.

Furthermore, in this study, the parameter settings are changed based on 

three scenarios. First, Scenario 1 is the baseline model. In the baseline 

model, the elasticity of substitution in the production function is set at 

 and  . This means that traditional capital and 

composite labor are highly complementary, and AI/robot capital and labor 

within composite labor are highly substitutable. This value is the same as 

that set in Fueki and Maehashi (2019), which follows Berg, Buffie, and 

Zanna (2018). 

Second, in contrast to Scenario 1, Scenario 2 is the case where there is 

no difference in the elasticity of substitution. Scenario 2 is the case 

formulated with a Cobb–Douglas type production function, with  and 

. Scenario 2 is to see how it differs from Scenario 1 (the baseline 

model), where there are differences in the elasticity of substitution. 

Finally, in Scenario 3, the AI/robot capital income tax rate is set to 30%, 

the same level as the labor income tax rate in Scenario 1 of the baseline 

model.

AI/robot capital income is taxed, and the collected taxes are 

redistributed to households without capital. These policies are designed to 

reduce the inequality between households with and without AI/robot 

capital. Table 2 shows the parameters set for each scenario.

9） Since 2000, the weight of non-Ricardian households is stable at around 20%.
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3.2.  Simulation analysis with IRF

Figures 1 and 2 show the results of IRF analysis using the DSGE model 

developed in this study. Specifically, it analyzes how AI/robot capital 

increase shock affected consumption, labor, and wages for each household 

(Ricardian and non-Ricardian), in addition to total consumption, composite 

labor, traditional capital, and output.

Here, the AI/robot capital increase shock is expressed by adding the 

variable , which represents the shock according to AR(1) to 

the log-linearized state transition equation of AI/robot capital. 

In Scenario 1 of Figure 1, suppose that , the error term of the variable 

representing the AI/ robot capital increase shock (the variable that follows 

AR(1)) is given an increased shock of 1%. In this case, considering the 

persistence of shocks, AI/robot capital continues to increase, eventually 

amplified to over approximately 6% and then converging to a steady state. 

Therefore, the labor is set to have a relatively strong substitution 

relationship that decreases to approximately 2.5%. Composite labor, 

consisting of AI/robot capital and labor, increases to approximately over 

4%. Labor decreases, but AI/robot capital increases, which affects the 

results. However, traditional capital, assuming a strong complementary 

relationship, increases to approximately over 4%. Consequently, as 

determined by the production function, the output also increases to 

approximately under 4%. Wages rise due to a decrease in labor supply. The 

same is the case for the rental cost of capital. As both the supply of AI/

robot capital and traditional capital increases, the result is that the price or 

the rental cost decreases. This means that prices decrease because of the 

increase in supply. Next, I consider consumption. The consumption of 

Ricardian households is increasing on the back of rising wages and lower 

Analysis of Basic Income Policy Based on AI/Robot Capital Income TaxationUsing a Dynamic Stochastic GeneralEquilibrium Model
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government bond rates. Non-Ricardian households consumption declines 

until the 9th period because of the decline in wages immediately after the 

shock and reduced labor supply. After that, non-Ricardian households 

consumption begins to increase due to a rise in wages.

In Scenario 2, the responses are weaker for all variables compared to 

Scenario 1. This is due to the weakened substitutability and complementarity 

among production factors.

In Figure 2, the effects of a limited basic income policy are examined. 

The study analyzes whether a limited basic income policy with a specific 

revenue source and redistribution target, taxing 30% of AI/robot capital 

income held by Ricardian households and redistributing it to non-Ricardian 

households, is effectively closing the consumption gap between households.

The response of IRFs for the AI/robot capital increase shock in Scenario 

3 is similar to that in Scenario 1. Still, the response of IRFs tends to be 

relatively suppressed by the income redistribution policy, that is, limited 

basic income policy. Therefore, the response of each economic variable in 

the AI/robot capital increase shock is suppressed. Table 3 shows log-

linearizing each economic variable around the steady-state, and its standard 

deviation shows that the volatility of Scenario 3 is more suppressed than 

that of Scenario 1. 

The non-Ricardian households consumption has responded differently 

from other variables. In Scenario 1, it is confirmed that immediately after 

the shock, non-Ricardian households consumption once decreased and then 

started to increase approximately until 1%. In Scenario 3, the response 

shows a similar trend. Still, the period of decline is reduced by the 2nd 

period as income redistribution policy suppresses the decline in 

consumption immediately after the shock. Then, from the 3rd period 

onward, consumption begins to increase, up to over 3%. Two factors may 
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have contributed to this. First, taxation limits the increase in AI/robot 

capital, reducing the decline in labor supply as determined by the 

production function. Second, limited basic income policies increase the 

income of non-Ricardian households. However, taxation reduced the 

income of Ricardian households. Therefore, the overall consumption of 

Ricardian households has been suppressed. Consequently, the policy has 

closed the consumption gap between Ricardian and non-Ricardian 

households.

In summary, the limited basic income policy has reduced the 

consumption gap between households and can suppress consumption and 

economic volatility in response to AI/robot capital increase shock.

The total consumption of Scenario 3 is lower than that of Scenario 1 by 

approximately 1.8 to 2.1%pt, and the output of Scenario 3 is lower than 

that of Scenario 1 by up to 2.5%pt.

Based on these results, arguably, a limited basic income policy with a 

specific revenue source and specific redistribution target has two effects, 

taxing 30% of AI/robot capital income held by Ricardian households and 

redistributing it to non-Ricardian households. 

First, it suppresses the response of economic variables to AI/robot 

capital increase shocks, which also suppresses the upward effect on total 

consumption and output. However, the upward trend is maintained in the 

parameter settings in this study.

Second, the limited basic income policy increases the non-Ricardian 

households income and thus increases their consumption. The results 

indicate that it can help close the consumption gap between households 

with and without AI/robot capital.

Analysis of Basic Income Policy Based on AI/Robot Capital Income TaxationUsing a Dynamic Stochastic GeneralEquilibrium Model
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４．Conclusion.

This study analyzes a simple dynamic stochastic general equilibrium 

model with embedded AI/robot capital. Using this model, the study 

examines how introducing a limited basic income policy with a specific 

revenue source and specific redistribution target would affect the 

consumption of households and consumption gap between households.

The IRF analysis shows that the response of each economic variable to 

AI/robot capital increase shock is suppressed. Further, as Ricardian 

households consumption is also suppressed, the effect of increasing total 

consumption and output are also suppressed. However, by distributing AI/

robot capital income taxation, the non-Ricardian households consumption is 

pushed up in response to the AI/robot capital increase shock, leading to 

significantly shorter period of consumption decline. The results show that 

the limited basic income policy set up in this study suppresses the response 

of each economic variable to AI/robot capital increase shock, and helps 

reduce the consumption gap between households.



101

Table 1. Parameters and steady-state values
Parameter and Steady State Value

Discount rate =0.99
Inverse of the elasticity of substitution between different points in time =1.0
Inverse of the elasticity of labor supply =1.83
Depreciation rate of traditional capital =0.025
Depreciation rate of AI/ robot capital =0.025
Weight of non-Ricardian households =0.2
Tax rates for AI/robot capital income =0.0or0.3
The elasticity of substitution between traditional capital and composite labor =1or0.5
The elasticity of substitution between AI/robot capital and composite labor =1or2.5
Traditional capital weight in the CES production =0.35
AI/robot capital weight in the CES production =0.1
Government bond stabilization rule =0.1
Productivity shock persistence =0.9
Traditional capital investment shock persistence =0.9
AI/ robot capital investment shock persistence =0.9
Steady State of government expenditure to output ratio =0.2
Steady State of government bond to output ratio =0.7

Source: Created by the author

Table 2. Categories of scenarios 

Scenario 1（Baseline model） =0.5 =2.5 =0.0
Scenario 2 =1.0 =1.0 =0.0
Scenario 3 =0.5 =2.5 =0.3

Source: Created by the author

Table 3. Standard deviation of economic variables with log-linearization (%)

Scenario 1 36.1 39.8 48.1 9.0 40.9 62.7 15.1 35.5 0.3 9.8 9.7 21.0 
Scenario 2 1.2 4.1 4.9 1.5 4.2 4.2 1.5 1.1 0.1 3.2 3.2 2.3 
Scenario 3 8.9 16.7 15.9 22.0 12.6 29.6 5.6 8.4 0.3 7.8 7.6 6.2 

Source: Created by the author

Analysis of Basic Income Policy Based on AI/Robot Capital Income TaxationUsing a Dynamic Stochastic GeneralEquilibrium Model
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Figure1. IRF of AI/robot capital increase shock（Scenario 1 and 2）

The figure illustrates IRF when AI/robot capital increases by 1%. The plain solid line represents 
the specification in Scenario 1, and the dashed line represents the specification in Scenario 2.
Source: Created by the author 
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Figure 2. IRF of AI/robot capital increase shock（Scenario 1 and 3）

The figure illustrates IRF when AI/robot capital increases by 1%. The plain solid line represents 
the specification in Scenario 1, and the dashed line represents the specification in Scenario 3.
Source: Created by the author 

Analysis of Basic Income Policy Based on AI/Robot Capital Income TaxationUsing a Dynamic Stochastic GeneralEquilibrium Model
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